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SThis study of the thermal properties of the experimental explosivt Amatex-20K

_ was undertaken to assist the U.S. Army, Picatinny Arsenal, Dover, New Jersey, in the
development of an emergency fill explosive for general purpose bombs and shells. The
work was performed by the Thermal Research Branch (Code 4546), NWC.

"The study was conducted during FY75 on Military Interdepartmental Purchase
Request number 5311-1010 under Picatinny Arsenal Customer Order number
M I56Z579GGFR.

This report was reviewed for technical accuracy by Barbara Stott.

Released by Under authority of
G. W. LEONARD, Head G. L. HOLLINGSWORTH
Propu•lon Development Department Technical Director
15 December 1975

Technki Publication 5767

Pub b.. .................. Technical Information Department
Collntio... . . .I •.. .-I............... Cover, 16 leaves

First ..•t* ," """" .... ....... 220 unnumbered copies

i C

iI



-- - -- - - -

SLCUNI fY -LASSIFICATiO A Of THiS PAGE (Aba, Lar•n d Asn)
SREPORT DOCMENTATION PAGE READ INSRucTIoWs

,• BEFORE COMPLETING wORm-
•. •• .2. GOVT ACCES$SION No, 3. RECIPIENT'S CATALOG NUMBER

if P"rWC-TP..5767

0. CONTRACT OR GRANT NUMBER(.)

. . MIPR 53"y ,110

9. PERFOR4MING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASKI AREA A WORK UNIT NUMBERS
* Naval Wea;pons Ce -tcr

China Lake, Ctlifi. m., 1 ).3555

I I CONTROLLING OFFICI NJkME AND ADDRESS - 2
Picatinny Arsenal

Dover, New Jers/, --- 37 -GES Si 30
14 MONITORING AGENCY NAME & ADDRESS(If different frown Controlling OffI•c) I., SECURITY CLA5. (of this report)

! • ,.•.. .•__UNCLASSIFIE

".IS. OCLASSIFICATION DOWNGRADINGSSCHEDULE
16 OISTRtIPUTION STATEM7ENT ~kd'at *.ot)

Appr.ved for pub, ripease: ,hlt h It•,n tlffmited.

I?. DISTRIBUTICN STATEMENT (of the ebesvatt misted In Block 20. if dffl.afnt I- Report]

t• IS. SUPPLEMENTARY NO' ES

IS. KEY WCRDS (Continhue -l reverse sid. tIfnte...v inod identify by block nontho)

AfT1,a1 x-2(IK Cr'~koff
Flillilli o irailtE 't)iC

(.hara terl'II i'on TIl{? ittl analysis

20f ABSTRACT rCanlintn 0* rovetrs side If neceewy and Idenrify by block number)

""e r,-v 4,r id s f :uhis formi.

I
DD •IS 1473 EL-ITION OF I NOVAS IS ,ESOLETS UNCLASSIF lED 2 6/

S N flIO)-'l4-66I WSECURITY CLASSIFICATION OF THIS FAGE (Whe" Data Entered)

tMIi"



UNCLASSIFIED

)LetJTY CLASSIFICA¶iON OF TNIS PAGOL'Wflen 1048A Entered)

(U) Characterizaton of Amax-.20K, by Carl M. Anderson and Jack
M. Pakulak. Jr. China Lake. Calif.. Naval Weapons Center. May 1976. 30 pp.

(NWC TP..1.767. publication UNCLASSIFIED.)
(UJ"-Amatex 20-K is a modification of the pruposed alternate fill

Amawex-20. The ammonium nitrate (AN) prills in Amatex.20 are replaced by
prills of a solid solution of 101c potassium nitrate (KN) in AN. This
substitution changes the temperature at which the large volume change
transition of AN occurs from 32'C to 12-15 C, but does not completely
eliminate the problem.

TA•The chemical and thermal stability of Amatex-20K has been given
a "first look" survey via DTA/IGA, DSC, fast and slow cookoff, and
isothermal decomposition techniques. With the exception of a less violent

"reaction occurring at a lower temperature on fast cookoff, all of the tests
suggest that the substitution of AN/KN prills for the AN prills in the
RDX/TNT matrix is detrimental to the stability of Amatex. More work will
be needed. particularly in thAisothermal decomposition and slow cookoff
areas, to make a sure judgment of the desirability of the substitution.
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INTROI)tU(lIION

Chemical and thermal stability studl prograni-. ''i candidati. explosive systems
are conducted to investigate the stability. 'dorability. and compatibility of these new
systems. All three characteristics are interrelated. either physically or chemically:
however, no single test can be used as a measure of all three.

Amatex-20K. a variation of the proposed alternate fill Amatex-20, consists of' a
40/40/20 weight percent mixture of prilled ammoniun' nitrate (AN)/potassium nitrate
(KNM solid sohltion (9010 weight percent). TNT. and RI)X. Amatex-20K %%as
proposed as a means of avoiding the drastic solid-solid AN IV-AN Ill transition that
occurs at 32'C.I The transition is a complete change in crystal form that proceeds by
the collapse of one form and reassembly in the other form with a concomitant volume
change of about 3.8"'. The solid-solid reaction at 32TC is slow so that when the AN is
heated rapidly, a direct transition of AN IV-AN i1 usually occurs at about 56C. A

trace of water catalyzes in the AN IV--AN Ill rearrangement.

Storage at temperatures above 32"C for an appreciable period produces exuda-
tion from ordnance items loaded with Amatex-20 due to formation of the low density
AN Ill form. KN, co-crystallized with AN from a melt or from a saturated solution.
forms solid solutions in which potassium ions randomly replace ammonium ions in the
AN crystal lattice. The addition of I10' KN lowers the transition temperature to about
15'C. but does not eliminate or prevent the chang:. Much work has been done on the
AN'KN system: a recent study by Popolato and Cady 2 reports results making no
essential change in the low temperature regions, from the phase diagram published h%
R. Janacke. et al. 3  Figure I is a phase diagranm of the AN/KN/water system
reproduced from the report of footnote 3. The large volume change occurs in the
AN III-AN IV transition and the presence of KN does not eliminate the change. An
X-ray study by HIolden and l)ickinson4 of the stnrcture of sonic of these phases
indicates that in addition to a change in coordination number. hydrogen bonding can
occur to further reduce the volume of AN IV phase. The substitution of potassium
ions (K+1 for sonic of the arumoniutm ions (Nil 4 +) in the AN IV lattice reduces the
opportutnities fur hydrogen bonding. thus relaxing the crystal bonds forming a slightly
larger crystal. However. the K+ ion is smaller than the NH 4 + ion and, when
substituted in the AN crystal, produces a smaller crystal: so that, as a final result, the
volume change in the AN 1l11AN IV transition is less drastic in the AN:KN solid
sclution than in pure AN. The principal effect of the KN addition is to move the
volume change difficulty to the low temperature storage ranges.

I Naval Ordnance Laboratory. Iliwi 11. .VA Xou JEploshU'" Compo.%ituin Containing .tntfEonlflIPPt
\itrnrt-,P1miuntm Vitrnure Siid Solution. by Carl Boyers. J. R. Holden and A. L. Bertram. While Oak. MD.
NO?. 21) March 10 73. (NO[ TR 73.49-)

2 Los Alu•mos Scientitic Laboratory. Joint Scrrices ixplosircs Pregranr. I ikcember 1/973 thrountgh 15

1March 1974. Quarterly repotr compiled by A. Popotato. Los Alamnos. NM. March 1Q74. (LA-5616-R.I
3 Janacke. R.. H. lIlanacher. arid 1. Rahilts. "Das Sysremn KNO 3yN1l4 NO3-l,0." ZFITSCHRIFT

FUR ANOR(.ANISCIII AND AI.IGEMFINF CHEMIF. Vol. 206 (1Q32). pp. 352. 368.
4 iolden. J. R. and Dickinson. ('o. JOURNAL 01 PHYSICAL CIHEMISTRY. Vol. 79 ( 1975;. p. 24",.

3 .. .

, i iii ii ii Pa" BL,"8C~VT ! 4. F_.. '



NWC TP 5767

K1
ava

Th NKNpilsue i hsstd er baie roiRs Thra

Sytes.In. 5 wihseametpoesfrtepeaain fte prils.andfo

404
A 47o 200
V•• 10°

.0 42 60 70 80 9

lr~aa N11j, N49j

I:IGURE 1. Phase Diagram of tihe ANiKN Water System.

nhe AN.KN prills used in this study" were obtained front Ross Thermal
Systems, Inc.,5 which used a melt process for the preparation of the prills. and from
Gulf Oil Chemical Co..6 which used a solution process. Ross has ceased production. so
that data tor samples containing these prills are inlcuded for informnafion only.

i5 Ross Thermal Systems, Inc.. Englewood, Colorado

6 Gulf Oil Chemical Co.. Pittsburgh. Kansas
f
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I NPFRIMENTAL INVLSTIGATIONS

An atomic absorption spectrometer was used to determine the potassium

content of 100 prills from each source as a limited check on the composition of the
AN/KN prills. Figure 2 is a histogram of the results. The results are a normal
distribution of a range appropriate to the material and the analytical method. Since no
one prill of either series is excessively rich or poor in KN, the tentative conclusion to
be drawn is that the solid solution of AN KN x•as obtained by both manufacturers.

COMPATIBILITY STUDIES

Simultaneous differential thermal analysis (DTA) and thermogra'imetric analysis
(TGA) tests were conductcd with a Thermoanalyzer- 2 .7 The DTA/TGA results for
Amatex-20K with Ross and Gulf AN'KN prills are shown in Figures 3 and 4.
respectively. A second Anlutcx-20K ,rample formulated with Gulf prills was ground to a

find powder: Figure 5 shows the I)TA I;A results DTA/TGA results for an

Amatex-20 sample 8 are presented for comparison in Figure 6. The principal features

20 - ROSS PRILLS (MELT PROCESS)

* GULF PRILLS (SOLUTION PROCESS)

AVERAGE KNO 3 CONTENT:
15 ROSS - 1037%

GULF OIL - 10.1%

C.

LL
O 10

Lu~t ROSS: 1 PRILL -
C AT 13.5%

z
5•

0
9.5 10. 10.5 11.0 11.5 12.0

KNO 3 CONTENT, %

FIGURE 2. Histogram of Spectrometer Test of ANiKN Prills.I 7 Mettler Instrument Co.. Princeton. NJ

8 Naval Weapons Center Characterization of Anatex-20, by Jack M. Pakulak, Jr. and Edward Kuletz.

China Lake, CA, NWC, February 1975. (NWC IP 5503, publication UNCLASSIFIED.)
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of these records, listed in Table I, include tile endotherns at 83 0 C, TNT melt.
AN/KN 11-1l transition at 118 ', AN/KN l1-l at 130'C, and melting of AN/KN at
1560C. After the system melts, the liquic phase allows the rapid. exothermic
decomposition to proceed, leading to a burst reaction at 212-215'C. Amatex-20

containing only AN shows endothermic transitions at 60'C. the metastable AN iV+ll
change, the combination of inciting TNT and AN I1!HII at 84-90T. AN 11-4,1 at 1300C.
and AN I melt at 164°C. followed by the decomposition to burst at 21I 20C. The burst
reaction at 212-215'C in the liquid phase is characteristic of TNT'RI)X mixtures. The
thernmal paittern variations between the two samples with (ulf prills were possibly due
to sampling or to some coating on the prills which was broken tip when the sample
was ground. Another possibility was that water, taken tip by the hygroscopic AN KN.
affected the reactions. To investigate this, a DTA/TGA test was conducted with 40 mg
water added to 40 mg of Amatex-20K (Gulf prills). The results (Table I and Figure 7)
show that the water boiled out independently of the Amatex-20K reactions, indicating
that water absorption is not the cause of the different reaction series.

A differential scanning calorimeter (DSC)9 was used to obtain further thermal
data, particularly an activation energy for the exothennic "burst" reaction, which

correlates well with cookoff data. The variation of the reaction peak temperature with

_heating rate and the method of Kissinger 0 ' 1 I were used for this determination. The

-TABLE I. DTA/TGA Reactions.

Undo ,cawio•s, C [Eo ,trulotm. "C

l 'Weight Ion.wuIrLce Inital Peak Initial Peak Initial Peak Initial Peak in initil Burst
refererwe Ifh o

A,,i•n-2OK ii 2 I Its 121 156 160 100 I60 215 a8SIRoam prilla

""I url 3

GuateN p- 20K £3 90 119 122 12£ 132 156 163 I130 170 232 61

I igur 4

Ground Amiat-201K 84 90 103 107 133 136 160 163 140 170 212 86
Gulf Oil prUl
I-gaire 5

Ansate-isl0 60 64 84 90 129 132 164 172 14S 175 212 93

Aniatn%-2OK w!water 85 38 120 125 127 110 175 i75 212 92
Gulf Oil prilh
I gate¢ 7

~' Model I)St. I B. Pei kin-Fl-uter Corporation. Norwalk. Connecticut
ýO Kissinger, Ilomer I'. "Variation of Peak Temperature with Heating Rate in Differential Thermal

Analysis." JOURNAL OF RESEARC'I OF TIlE NATIONAL BUREAU OF STANDARDS. Vol. 57, No. 4
tOctoer 1456). Research paper 2712.

11 .... "Reaction Kinetics in Differential Themrnal Analysis." ANALYTICAL ('ICEMISTRY.
Vol. 291 1957). p. 1702.

10
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l$(' results art' given in Figures 19 and () for Aanatex-20K with Ross and Gulf prilk".
respectively. H-Fiure 10 contains plots ol the Kissinger heatling rate f'unction (ats log

OV versus 1/1li as derived from the equation

lo w =A exptwr

wlhere

o = heating rate. '<e
F burst peak temperature. OK
R = universal gas constant
A = Arrheinius frequency tactor

U* = activatuion eniem'y

Thle data for these determinations are listed in Table 2.

TIUfRMAI. DECOMPOSITION

T he thermial deconiposition ot Aniatex-20K was studied Using anl isothermal
technique. The test consisted ot' holding a sample of- a material at a constant
temperature in a 45-ntl general purpose Parr bomb titted with a pressure transducer
and a means of' sampling tie gas phase The sample. about I graint, was held in a1 glaNs
vial that fit snugly in the bomnb. After loading the bomb and purging the air with
argon, the loaded bomb was placed in anl alunlinurl block furnace at the desired
temperature. The temperat~ire of the block and pressure in the bomb were eantin-
uiously recorded until any react ion ceased. .At this point the bomb was removed and
allowed to cool. The gas phase ill the bomb was sampled for mnass spectrographic
analysis anid for IR identification. The residuec in the bomb was weighled to determine
the amloun~t of reaction tilat had occurred. The2 results of this study are given in
Figures I I through 14 and Table 3.

A disturbing effect obsenved in this series was that both of' the samples;
containing Ross prills and one of' the samples containing (;tUlf prills cooked off at
170Y. These were I-gram samlples uinder the pressure of their own decomposition
products. Ihe cookoff was sufficiently energetic to shatter the glass vial liners Fhelding
thu samples. The sudden reaction at cookoff produced an entirely different series of
product gases: e.g., a low amount of NO. at high amoulnt of N, and CO. and a trace
of- Nil;. The I H scans showed ain appreciable anmount of carbon monoxide WOX) in the
final gasv trtim lie burst reactions. but little or iio (C0 in the usual, non-violent therm'll
dec7omrposition. Thie Anmatex- 'OK prepared with Ross prills was less, stable thaii that
containinig ( ;Lilf prills. That is. although both materials showed the sisie activation
energy I 1~ 33 Kealimiole). (lie f~reqjuecly factors were 1.0 x 10' 2 see-C for Gulf
prills a nd 1. 4 X 10 1 2sec f lor Ross prills. which produced the higher rate of
decomposition of1 Amnatex-20K with Ross prills. Figure IS is an Arrhenius plot of the

12,
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HEATING RATE. SAMPLE WEIGHT,
C.MI.•lN mg

330 373 423 473 52m 0 5.n

TEMPERATURE. OK

FIGURE S. l)SC Results for &nuaex-20K (With Ross AN.;KN Prills).

HEATING RATE. SAMPLE WEIGHT,

°C/MIN mg

10 4.47
S40 4.01

1 I I1

323 373 423 473 523 573 600

TEMPERATURE, OK

FIGt'R.•1). I)S(" Resuls for Amalex-20K (With Gulf AN!KN Prillsi.
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S SHARP EXO PEAK
A GULF OIL PRILLS

BROAD EXO PEAK
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1.8 1.9 2.0

io3 lI/TK

FIGURE 10. Plot ol Heating Rate Function for Amatex-20K.

_______ TABLE: 2. DSU Data for Arnatcx-20K.
sampte Heating remprrature. 2 Activation I requcney

rlae. '[see , K energy factt'

Russ prills 0.167 509 1-963 x 10t
3  

6.40 X 111 26.8 Kcal 3.03 X It)" I ,
).333 518 1,929 x II -' 1.24 x It 6

0.667 536 1.866 1I0- 3 2.32 x 10
6

(;ult Oil prills (0.167 54LI 1.852 x lI.3 .5.71 x Il "7 23.5 Kcal 2.13 x (I17 Wt I

(sharp peak) 0.333 559 I.789 A to 10 1.17 x, i t)

0.667 573 1.745 x l-
3  

2.013 x 10-6

Gulf Oil prills t. 1t'7 1t8 1.9'0) 5 I '-
3  

6 20 x I0) 7 28.1 KLal 6.81) w ItII ;c . I
Ibroade,.t 0.333 529 IA gox I0"' 1.19 xlo1b

_ _ 0.667 544 1.838 x 1O ' 2.25 x 10 6

14
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FIGURE 1i. Thermal Decomposition of Amatex-20K at 155 0C"
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FIGURE 12. Thermal Decomposition of Amatex-20K at 170 0 C.l 15
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FIGURE 13. Thermal Decomposition of Amatex-20K at 165°C.
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FIGURE 14. Thermal Decomposition of Amnatex-20K at 1600C.
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TABLE 3. Theum Dscompodtioo of Amatez.-2K.

Tos pm Teml M vll mmpvms hau: Gas h S He"C- to3 x int. SPOC an

I C at-t Mpe N (t)" mt.
-N - " m0 C03 N+CO 110 = I_ o' x MiC-1

138 CGf 1353 177 64 22 34 24 19 780 2.33$ 1.44
146 GM 1460 197 66 24 21 36 i9 444 2.306 21
144 GeV 1635 I 66 24 23 39 13 330 2.22 3J
139 GuM 370 132 46 33 31 32 20i 204 2-M56 5.7
142 GeV 170 137r 76 6 26 66 E 204 2.236 3.7

140 Rtom 335 0 43 31 24 d ... ... ...
147 RON 160 206 63 28 21 37 14 363 2306 3.2
143 Rom n 6, 203 5" 3 4 21 48 30 282 2.22 4.1
143 Icm 170 lase ?9 21i 71 1356 2M56 7.4
143 Rom 170 23e3" 73 2 24 74 d ... ..

6 psNcemt water caknl-ted lom ft•I cold penemin d IMtbb Fitammd

c Sevpk cocked off
d No wamnss , owter Pame

'bmt. Mtlc.l~to

3

2

\

GULF OIL PRILLS
GULF OIL PRILLS 4 WATER
ROSS FRILLS 1

--- 1 • i 1 mL

2.3 2.4

10. X I/T, *K

I I( k;RL: I 5. A rrheriius IPlot of ThermanI lk lncompliltoy or Anialex-2OK.mill ' 7
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first order specific rate constant derived from the half-life lime and the reciprocal

absolute temperature of tile experiment. The equations

k (ith 2)) t

k A exp 4- V*!RI1

were used to calculate the specific rtle constant, k. from the half-life time. tj . the
activation energy. [:1. from the slope of the log k %er'ti I Il line.

lop k = log A I*l?..303R

Joyner12  reported that the thernial decomposition of Aniatex-20 has an activation

energy of 32.8 Kcal/mole and a Ireqtency factor of 2 x 1012 The dashed line in
Figure 15 %%as calculated from these parameters and indicates that the presence of KN
in the Anmatex-20K has a slight stabilizing effect on the RI)XI'N-'/AN systenm.

As a worst case check on the effect of water on the thermal decomposition of
Amatex-20K. 1-gram samples of the material containing Gulf prilis with I-gram of
water were subjected to the isothermal Parr bomb tests. Data from these tests are
listed in Table 4 and plotted in Figure 16. A plot of half-life time versus the
reciprocal absolute temperature. included in lFigure 15. produces an activation energy
of 21.8KcJ! and a frequency factor of 5.2x 10( sec-& This indicates that the

presence of water is detrimental and should be avoided.

FAST (OOKOI F:

'he small scale fast cookotT procedure is used to investigate the response of
materials. propellant%. explosives. liners. etc. to a flaine environment,.1 The setup
(Figure 17). called an S('B (small-scale cookoff bombb), consists of a 400-ml stainles,,

steel can with I /8-incih walls equipped with an electric ribbon heater to produce
heating rates of 2.5 to 3I(C;scond. such as is swe-el by ordnance items in a lire. Tile
severity of' readtion with the 2-pound charge. lightly confined in the S('B, correlates
directly with the response of the material in bombs and warheads.14 The obsenred
noise, dust cloud, and. in particular. the size, shape, color. etc. of the SCB fragments,
range from a small pop and an opened case (deflagration) to a loud bang. a cloud of

12 Naval Weapon, (enter. "hjirnal Dhe',nflpositimn o£)l:xphsites Part I/. LITe Thernial Decrn'n,,,i-

irinp ,/ A'natex and Related Wsretmts, by Taylor B. Joyner. China Lake. CA. NWC, (in process). (NWC 1 P
4709, Part II. pniticaliton t "<( 1ASSIFII;lD.)

13 Naval Weajns Center, liernmal .-InalYsis Stutdi•es (, Candidate Sijhd JPl. Propellauts fi,r Mcat
Sterlii:able Muitors. hl Jack %t. Pakulak. Jr. and Fdward Kuletz. China Lake. CA. NWC. July 1970. (NAC
TP 4258, publication t'NC ASSIIl ).)

1 14 NaIvl Ordnance Systems Command. Standard Terntimiko•v 1fur Ordn/ame iFxplhsiic Rea-tiaon

Obtained hi' CokofJ. Washinton. DC. NOW" (ORD-O-122). 21 April 196'9 (NAVORDNOTEt 8020.1

l 18
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FIGURE 16. Thermal Decomposition of Amatex-20K (With GuIfAN/KN Prills).
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FIGURE 17. Small-scale Cookoff Bomb Setup.
(LHL 182486)

dust, and case torn to small heat colored fragments (detonation). The SCB is
instrumented with a thermocouple spot-welded to the inside wall of the container and
with a take-off to a pressure transducer in the cover.

Two SCB tests were conducted with Amatrx-20K loads, one with each of the
two types of AN/KN prills. The time-temperature and time-pressure records are shown
in Figures 18 and 19. Figures 20 and 21 show the SCB fragments from the two tests.
The result with Ross prills was anomalous; an explosion was defined by the indicators,
but about 113 of the explosive billet was recovered. Also, the thermocouple record was
anomalous after 93 seconds and 210°C; the presence of molten material and gas
bubbles behind the thermocouple could produce this result. Similar events were
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awn

FIGURE 20. IFragments from S CB Test for Amatex-20K (With Ross AN/KN Gu lls).
(LHiL 186312)

FIGURE 21. Fragments from SCB Test for Amatcx-20K (With Gulf
AN/KN Pills). (LHL 187654)
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apparent in the material containing Gulf AN'KN prills. Relative to Amatex-20. the
Amatex-20K reactions were much milder. but they occurred at a much lower
temperature. The data are summarized in Table 5; data for an earlier Amatex-20 test
are included in the table.

SLOW COOKOFF

The slow cookoff procedure (see footnote 131 provides data for the prediction
of time-to-reaction in various sizes and under assorted storage conditions. An insuffi-
cient nunmbher of samples were tested: therefore, the critical temperature values must be
-.considered tentative. Since Amatex-20K is partially liquid at the experimental tem-
peratures. samples were contained in vertical ovens. The ovens consisted of a
heavy-walled aluminum tubing with a welded base plate. Heating elements were
attached to the outside of the tubing and controlled from a thermocouple imbedded in
the aluminium wall. The ovens were covered with heavy aluminum foil to minimize
e•va.pration and sublimation of the sample. The ovens, and samples, were heated
rapidly to the chosen temperature and controlled at that temperature until the cookoff
reaction occurred. Continuous recording was maintained on thermocouples lceated at
the exact center of the charge and on the inside wall at the explosive/aluminum
interface. A third thermocouple was placed at a half-radius point in the larger samples
to monitor the temperature distribution in the sample. Thermocouple data for the four
slow cookoff runs are given in Figures 22 through 25. The data are summarized in
Table 6. The equivalent time to cookoff in Table 6 is calculated as time at the oven
temperature corrected for the amount of reaction that occurred during the warm-up
period. t5

TABLE 5. SCB Fast Cookoff Data.

Test Lxplosive/sourRa Type of leaction
no, Time, 9cc Tcmpcrature. :C

124 Amatex-20K 125 .37 Explosion
4 R os ANIKNi

131 Amate%-20K 107 230 Explosion
(Gulf Oil ANiKN)

45 Amate,-20 125 320 Detonation

1 Naval Weapons Center. Cookoff Studies on the General Purpose Cast Explosives PBXC-116 and
PBXC-11 7, by Carl M. Anderson and Jack M. Pakulak, Jr. China Lake, CA, NWC. (in process). (NWC TP
5629, publication UNCLASSIFIED.)
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FIGURE 24. Thermmncot'p~ D~ata for Amatex-20K (With Ross AN/KN Prilts) Tested at l5O'C. (Sample
5 1/4-inch diameter by 8 inches long)
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l'ABLF 6. Slow Cookolf Data.
Site rime in cti•'ktnfi

TCS1 AN/KN cinperatkuwt. Reltrentn'c
no. prill sourte i)ijllneltr, I cngth, C I iyu ,e n fo. rul. I quivaknt.

in. in. hr:tnin hT:t iin

206 Rom 2 6 1701 20 2.33 (0 57
22(0 Gulf 2 6 170 21 2:47 2(t09

217 Ron 5- 14 8 1S5o 22 18:411 14:33
218 Gull 1 5-1/4 8 [5s 1 23 13:15 5:44

A Comparison of these single-point (lat with previous expiosives, data (see
footnote 8 and Figure 26) indicates th:t, relative to Amatex-20. the use of AN/KN
solid solution prills lowers the time to cookoff at a given temperature, or lowers the
temperature required for , given time to cookoff. It also appears that Amatex-20K has
a thermal stability comparable to Composition H. It should be emphasized that these
are single-result, first-look data. Many more samples of the same and other sizes at
other temperatures will be required to define the slow cookoff characteristics of
Amatex-20K to make useful predict (ions.

CHARACTERISTIC "'CRITICAL" TLMPLRATURE

The characteristic "critical" temperature, Tm is defined by Zinn and Mader16

as a unique temperature for each explosive and each size of billet, above which the
explosive will self-heat to cookoff. Cookoff can occur below this temperature. but the
reaction kinetics will not be a simple. zero-order, self-heating system. Zinn and Mader
define this critical temperature by the equation

Tm = .3 (I)
2.303R log --- QA--

The values of the parameters for Amatex-20K are:

1* = activation energy = 33 kcal/mole

A = Arrhenius frequency factor = 1.2 X 1012 sec I
Q = heat of reaction = 400 cal/g (estimated)
X = thermal conductivity = 9.6 X i0- 4 cal/sec/cm/0 C
p = density = 1.6 g/cm3
c = specific heat = 0.40 cal/g
5 = shape factor - 2 for cylindrical geometry

R - universal gas constant = 1.987 cal/mole/°C

a = radius of cylinder, cm

16 Zinn, J. and C. L. Mader. "Thermal Initiation of 'xplosives." JOURNAL OF APPLIED PHYSICS.

Vol. 31 (1960). p. 323.
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FIGURE 26. Comparison of Ainatex-20K with TNT, Amatex-20, Composition 8 and Composition
B//-2.
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An iteration on values of Tm converges rapidly to a solution for the equation, as
shown in the table below.

Amatex-20 K
(using half-life kinetic data above)

2-inch-diameter 5 1/4-inch diameter
cylinder cylinder

T M -- 14 1"CI r- = 12 10c -

Ross prills
(E* = 26.8 Kcal; A = 6 X 109 se- I)

Tm = 116-C T, = 94 0 C

Gulf prills
(E* = 28.1 Kcal; A = 1.51 X 1010 sec-I

Tm = 124°C -Tm = 102 0 C

Another approach to locating a value for Tm, is the empirical function
developed by Zinn and Rogers.' 7 A plot of this function, given in the Zinn and
Rogers article, is useful for predicting the time to reaction for other sizes and
temperatures.

log - = t * -lnl (2)

where t. is the time to reaction, r is a thermal time constant equal to a2/c, and T, is
the temperature of the surroundings. ca is the thermal diffusivity of the material and is
related to other thermal properties by X = pca. With an experimental value of
time-to-reaction, t1. for a particular size and oven temperature, a value for the
function is found from a plot of equation (2). Then

I I X
1 -(3)

where X is the value of the function. Using the activation energy, E*, value of 33
Kcal/mole from the thermal decomposition data, Amatex-20K Tm are calculated as
follows.

17 Zinn, J. and R. N. Rogers. "Thermal Initiation of Explosives," JOURNAL OF PHYSICAL
CHEMISTRY, Vol. 66 (1962), p. 2646.
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Ross prills

`-i nch-dia meter 5 I/4-inch-diamreter
cylinder cylinder

rm=156°0C T... = 1480(C

Gulf prills

T = 168(C 1 "r," = 134"C

Slow cookoff data on AInatex-20) with no KN in the AN prills Isee footnote 71
produced T m values of 170('C for tile 2-inch-diamneter cylinder and I 53Y for the 5
1/4-inch-diameter cylinder. lere again, on the basis of these single-nii data, it appears
that the ANIKN prills lower the stability of the Amatex-20K relative to Amatex-20.

SUMMA RY

In summary. this study to characterize the thernal properties of Atnatex-OK
produced discouraging results relative to Arnatex-20. The essential difference between
Amatex-20K and Aniatex-20 is the use of 90/10 AN/KN prills in Amatex-20K. The
presence of KN as a solid solution in AN lowers the drastic volume change
temperature of AN from 32 9 C to about 15'C and raises the tipper large phase change
from 84'C to 105'C. This results from the fact that the smaller K+ ion. relative to
the Nil,+ ion. will tend to stabilize the AN III crystal form. This should make the
volume change less. but certainly will not eliminate the difficulty.

With the exception of the change in temperatures at which phase changes
occur, the presence of KN in the AN has little effect on the exotherms in the
DTA/T(GA records. This would indicate that the decomposition reactions leading to an
exothermic "burst" reaction is that of the TNT/RI)X in the Amatexes. However, the
reaction kinetic data derived from the l)S(' records (Table 2) show that the activation
energy for Aniatex-20K is lower than for Amatex-20. indicating a lower stability-\
more specific indication of possible difficulty with Amatex-20K is the explosixe
decomposition that oct-curred at 1700C tinder the pressure of its own decomposition

products. This explosive reaction is evidently a different series of reactions dhan that
observed in thermal decompositions in that the distribution of gaseous products
changes from N2O, CO,. N, to CO-. CO. and N, with little N20.
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the result,, l- thlL" slow :and fast cookoll experiiii.mitt- are c4)IllusiIlg at best. [hc

only real conclusion that can le drawn is that more sanmples will need to be run to
define the properties of Amatex-20K under cookol"," conditions. Oin fast cookotf.
Amatex-Z0K reacts less violently anti at a lower temperature than Anatex-20: the
reaction is an unacceptable explosion (Amatex-20 detonated in the same test1. On slow•
cookoff. Amatex-20K is again less stable than Amatex-20. reacting at a shorter time or
lower temperature.
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